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Abstract 
For traditional power generation process, energy losses are often caused by heat-and-mass transfer between the boiler 
and turbine subsystems, especially the heat transfer process with fairly high temperature difference in boiler. 
Generally, such energy losses are often unavoidable, if heat-and-mass transfer processes occur only in an independent 
way within certain subsystem or equipment but not in a cascade-integrated way. In this paper, new integration 
approach was proposed in order to reasonably utilize the heat at different temperature levels from the overall system 
perspective. Compared with isolated designs of the boiler and turbine subsystems, this approach comprehensively 
considers the match of heat transfer processes in air preheater and feedwater regeneration subsystem, and takes the 
principle of feedwater availability in the feedwater preheating process into account. The heat utilization process is 
reconstructed among the streams of flue gas, air, steam, feedwater and condensate water in a more coupling way. As 
a consequence, the thermodynamic irreversibility within air-preheating process and feedwater-regenerating system is 
sharply reduced. The heat-transfer characteristics and energy-saving effect of the integrated system was quantitatively 
analyzed. The results show that the power output of the novel integrated system is 21.74 MW higher than that of the 
conventional system. Moreover, the cost of electricity (COE) and the coal consumption rate can be decreased by 
1.2% and 5.09 g/kWh, respectively. This paper provides useful information for the energy-saving effects and design 
optimization of heat transfer process in thermal power generation. 
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1. Introduction 
China is one of the biggest producers and consumers of electric power all over the world. The share of 
electricity from coal-fired power plants in China still reaches as high as 78% [1,2]. The continuous 
adjustments of the structure of electric power generation industry during last ten years confirm the leading 
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position of large-scale (ultra-) supercritical coal-fired power plant with extremely high steam parameters 
in the foreseeable future. However, the thermal design of these (ultra-) supercritical power plants still 
follows that of subcritical ones, as few breakthroughs in the design of conventional steam cycles were 
achieved, and the heat-and-mass transfer processes in boiler and turbine subsystems were always designed 
in a separate way. It is apparent that the cascade utilization of the heat with different temperature levels at 
the system level is not enough. 
There have been several researchers focusing on the optimal design of thermal systems of coal-fired 
power plants, recently. Blum R et. al. proposed master cycle based on conventional steam cycles with 
double reheatings, which introduced an secondary turbine to avoid the overheat crisis of feedwater 
preheaters after the second reheating [3]. Junjie Yan et. al. brought forward an approach to elevate the 
feedwater pressures in each feedwater preheaters not using the pump but the potential heat of the 
corresponding steam extraction so that the design of heating and pressure-elevation processes of the 
feedwater is reasonably integrated [4]. Rusenberg D et. al. investigated heat integration between the boiler 
and turbine subsystems on the basis of conventional utilization system of low-grade heat of boiler exhaust, 
which was successfully introduced into the turbine subsystem [5,6,7]. Zhonghua Wu et. al. focused on the 
theory of total energy system and the approach of system integration, which provided the theoretical basis 
for the energy utilization in a more scientific way [8]. 
In this paper, the boiler and turbine subsystems were re-designed at the level of total system with 
systematic consideration of the low-grade heat of boiler exhaust, the steam cycle at the turbine subsystem 
and the air-preheating process, in order to realize an efficient system integration and process optimization 
in a wide temperature range and among various kinds of fluids. A novel integrated system focusing the 
heat-and-mass processes in turbine and boiler subsystems was proposed and investigated to obtain its 
basic characteristics. 
2. Analysis of The Conventional System 
A typical 1000MW coal-fired power plant is selected for the application of the research in this paper. 
The design coal contains 57.33% carbon, 3.26% hydrogen, 9.43% oxygen, 0.61% nitrogen, 0.63% sulfur 
and 18.5% water respectively. The boiler efficiency is 94.59% with exhaust flue gas temperature of 121ć. 
The thermal performance of the steam turbine cycle is shown in Table 1. 
The conventional system always coupled the waste flue gas with the condensed water so as called the 
low-pressure economizer, it utilize the waste heat of the boiler. A typical low-pressure economizer system 
is shown in Fig.1-(a). After entering the low-pressure economizer, the condensed water is heated by the 
waste heat and converges with the main condensed water in the regenerative heater with higher parameter. 
However, although the low-pressure utilizes the waste heat in the exhaust flue gas, reduces the exhaust 
temperature and improves the boiler efficiency, the energy-saving effects in the low-pressure system are 
limit due to the low temperature of flue gas outlet the air preheater. 
Table.1 Main thermal performance of the regenerative heaters 
paprmeter Extracted pressure˄MPa˅ 
Extracted enthalpy 
˄kJ/kg˅ 
Extracted flow rate
˄t/h˅ 
Inlet water 
temperature˄ć˅ 
RH1 8.307 3187.9 276.7 48.9 
RH2 6.103 3109.3 88.2 225.7 
RH3 2.518 3420.5 36.9 195.3 
DEA 1.234 3213.9 32.6 157.7 
RH53 0.626 3033.9 36.0 115.7 
RH62 0.2556 2848.2 41.1 86.0 
RH7 0.0671 2624.1 24.8 62.8 
RH8 0.0257 2491.6 25.6 36.0 
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Fig.1 Comparation of the conventional and the integrated waste heat recovery systems 
3. System integration and flow optimization 
3.1. Description of the Integrated System 
As mentioned, the coal-saving effects of the conventional low-pressure economizer system is not 
obvious and the operation temperature of the low-pressure economizer is close to the acid dew point of 
the flue gas, which may lead to low temperature corrosion of the boiler. To fully utilize the waste heat of 
the flue gas, and together avoid the corrosion problem, this paper proposes an integrated waste heat 
recovery system with great economic benefits, as shown in Fig. 1-(b). 
The characteristics of the new integrated system are as follows: the flue gas out of the economizer is 
separated into two parts, one of which enters the air preheater while the other passes through the 1st and 
2nd gas-water heat exchangers (1st HE and 2nd for short, respectively) of the bypass flue. The 3rd gas-
water heat exchanger (3rd HE for short) is installed outlet the air preheater. For the 1st and 2nd gas-water 
heat exchangers, the condensed water with higher temperature can be heated and the extracted steam with 
higher parameter can be saved. For the 1st and 2nd gas-water heat exchangers, the condensed water from 
the 5th regenerative heater is heated by the flue gas, as a result of which, part of the extracted steam can 
be saved. Besides, part of the extracted steam with low parameter is used to make up the required thermal 
energy for the air to maintain the boiler-inlet air temperature. This system not only distributes the energy 
based on the energy cascade utilization principles, but also uses the extracted steam to heat the air, which 
greatly reduces the possibility of low-temperature corrosion. 
3.2. Case study 
The main design parameters and the results of the study are shown in Table.2 and Table.3. 
Table.2  The main design parameters in the integrated waste heat recovery system 
Item Unit 1st HE 2nd HE 3rd HE 4th HE 
Inlet gas temperature ć 350 206.4 ü ü 
Outlet gas temperature ć 206.4 121 ü ü 
Inlet water/ steam temperature ć 186.4 84 192.2 88.14 
Outlet water/ steam temperature ć 299.3 175.6 86.8 38.9 
Inlet air temperature ć ü ü 73.14 26.19 
Outlet air temperature ć ü ü 100 73.14 
Average temperature differential ć 33 33.81 35.87 33.1 
Footnote: the annual operation hours is set as 5000 and the standard coal price is set as 750 ̞. 
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Table.3  The thermodynamic analysis results of different designs 
Item Unit The conventional system The integrated system 
The increased power generation MW 4.38 21.74 
The reduced coal consumption rate g/kWh 0.92 5.09 
The saved economic benefits 104̞/a 0.45 1.62 
The results in Table.3 show that the reduced coal consumption rate reaches 5.09g/kWh. Besides, the 
gained economic benefits reaches nearly 1.52 million̞. 
4. Conclusion 
This paper retrofits the waste heat recovery system and conducts the thermal analysis for its energy-
saving effects. The results prove the great energy-saving effects. Besides, the integrated system can also 
reduce the possibility of low-temperature corrosion. Thus, the integrated system proposed in this paper 
provides a new route for the waste heat recovery of the power plant. 
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